The inflammatory marker C-reactive protein (CRP) has been strongly correlated with the risk of cardiovascular disease. Some single-nucleotide polymorphisms (SNPs) have been reported to be associated with serum CRP levels. In this study, we assessed the genetic association between SNPs within the CRP gene and ischemic and hemorrhagic stroke in the Han Chinese population. Methods: This study comprises 564 ischemic stroke patients, 220 hemorrhagic stroke patients and 564 controls from the ethnic Han Chinese population in Wuhan. Four CRP SNPs, -757A>G (rs3093059), -717A>G (rs2794521), -286C>T>A (rs3091244) and +2147C>T (rs1205), were genotyped from patients using TaqMan assays. Results: The A allele frequency for the -717A>G polymorphism was significant higher in controls than in ischemic stroke patients (P=0.037), after adjustment for traditional risk factors (odds ratio 0.28; 95% CI 0.12-0.65; P=0.003), suggesting a protective effect for this allele against ischemic stroke. Haplotype analysis showed that the H3 (G-C-C) haplotype conferred a significantly increased risk of ischemic stroke (odds ratio 1.052, 95% CI 1.001-1.106: P=0.047). Neither CRP genotypes nor haplotypes showed an association with hemorrhagic stroke. However, the frequency for haplotype H5 (A-T-C) was significantly higher in ischemic stroke than hemorrhagic stroke patients (P=0.0003). Conclusions: These data suggest that the CRP gene -717A allele confers a protective effect against ischemic stroke. Furthermore, the H3 haplotype (G-C-C) is an independent risk marker for ischemic stroke, whereas the H5 haplotype (A-T-C) can be used as a prognostic marker of hemorrhagic stroke.
Introduction
Stroke is a leading cause of death worldwide [1] . In China, the incidence of stroke is much higher than that of coronary heart disease compared with incidences recorded for Western countries [2] . Among all subtypes, ischemic stroke accounts for the majority of cases in the Chinese population, about 60%, and cerebral hemorrhage accounts for another 20%−40% [3] . In contrast, the overall incidence of stroke and the proportion of hemorrhagic strokes are lower in most Western countries than in China [3] [4] [5] [6] . These different epidemiological patterns may be due to differences in genetic backgrounds of the populations.
Stroke is a heterogeneous multifactorial disorder. Acute cardiovascular events and stroke are thought to be caused largely by inflammation-mediated destabilization and rupture of atherosclerotic lesions [7, 8] . Numerous classic risk factors such as hypertension, diabetes mellitus, hyperlipidimia and smoking contribute to this disease [9] [10] [11] [12] , but family and twin-based studies suggest the involvement of genetic factors in the development of stroke [13] [14] [15] . By case-controlled association studies, several inflammatory molecular genotypes have been suggested to be associated with increased stroke risk [16] . C-reactive protein (CRP), an acute inflammatory phase reactant, is a marker of systemic inflammation [17] . It has also evolved as a novel plasma marker for atherothrombotic disease and may reflect the level of inflammatory activity within atherosclerotic plaques [18] [19] [20] . Therefore, CRP serum level is a valuable and sensitive indicator of initial and recurrent cerebrovascular events [21] [22] [23] . Genetic variants in the CRP gene may more accurately reflect lifetime CRP exposure than serum CRP level measured at a single time point. Understanding of CRP genetic variation in stroke risk has been limited and controversial, especially for hemorrhagic strokes. Recently, a case-controlled study of a Japanese population suggested a strong association between CRP 1059G>C (rs1800947) polymorphism and ischemic stroke [24] . On the contrary, no association was detected between this allele and ischemic stroke risk in a Swedish population [25] . To address the role of CRP variability in stroke risk, we genotyped four CRP SNPs in the Han Chinese population. Our data support the association between CRP genetic variants and the risk of both ischemic and hemorrhagic stroke.
Materials and methods
Study population and data collection This multicenter study for the assessment of risk factors for stroke was sponsored by the Ministry of Science and Technology of China. The study protocol was approved by the review boards of the Ministry of Public Health, the Ministry of Science and Technology of China, and the ethics committees at all participating hospitals. Informed consent was obtained from all participants.
The study population was composed of 564 patients with ischemic stroke, 220 patients with primary cerebral hemorrhage, and 564 control subjects. All patients and control subjects were recruited from patients consecutively admitted to five hospitals in Wuhan, China, from November 2004 to June 2006. Diagnosis of stroke was based on medical history, neurological examination, and CT or MRI according to the International Classification of Diseases, ninth edition. Only patients with one of these three subtypes of stroke were included: cerebral thrombosis (atherothrombosis), lacunar infarction (lacunar), and intracerebral hemorrhage. Other types of stroke (including subarachnoid hemorrhage, cardiogenic embolic brain infarction, brain tumors and cerebrovascular malformations), severe systemic diseases (except diabetes mellitus), severe inflammatory diseases, autoimmune disease, tumors, and serious chronic diseases (eg, hepatic cirrhosis, renal failure) were excluded. Controls were randomly selected from inpatients with minor illnesses from the Departments of Ophthalmology, Gastroenterology, Otorhinolaryngology and Orthopedics, or were healthy individuals from the community. The exclusion criteria for control subjects were the same as those in the aforementioned patient group. Controls had no relationship with the stroke cases and no family history of stroke. All subjects were unrelated Han Chinese individuals originating from the same geographical area.
Data collection and definition of risk factors Information on demographics and other risk factors was collected by use of a structured questionnaire involving the history of hypertension, diabetes, hyperlipidemia, smoking, and physical exercise, including evaluation of body mass index.
Hypertension was defined as a systolic blood pressure ≥140 mmHg, a diastolic blood pressure ≥90 mmHg, or current treatment with an antihypertensive drug. Diabetes was diagnosed by a fasting glucose level of >7.8 mmol/L, a glucose level of >11.1 mmol/L at 2 h after oral glucose challenge, or both. Hyperlipidemia was defined as total plasma cholesterol level of >5.72 mmol/L or plasma triglyceride >1.70 mmol/L. If a subject had smoked at least 1 cigarette per day for at least 1 year and had not quit smoking by the time of the study, he/she was defined a current smoker.
Blood sample collection, biochemical variables and genomic DNA extraction Blood was drawn from an arm vein into a sterile tube containing ethylenediamine tetraacetic acid (EDTA). Plasma samples were obtained from fasting participants and stored at -80 °C. Plasma biochemical parameters were assayed using an automatic analyzer (7060, Hitachi). Seven hundred and sixty-one subjects, including 431 subjects of ischemic strokes, 67 subjects of hemorrhagic strokes and 263 controls, were randomly selected for CRP level measurement. CRP level was measured with a Dade Behring BNII nephelometer. Genomic DNA was extracted using the QG-Mini80 workflow with DB-S kit (FUJIFILM Corporation, Tokyo, Japan) per the manufacturer's instructions. DNA was diluted to a final concentration of 10 ng/µL and stored at -80 °C for genotyping.
TagSNP selection and genotyping Based on information in the NCBI SNP database and International HapMap project data (http://www.hapmap.org) for the Han Chinese population, SNPs with a minor allele frequency >10% and previously published SNPs were selected for the study [26, 27] , including -757A>G (rs3093059), -717A>G (rs2794521), and -286C>T>A (rs3091244) located in the promoter region and +2147C>T (rs1205) in the 3′ flanking region.
TagSNPs were genotyped using the TaqMan SNP Geno-typing Assay. The three diallelic SNPs were designed and supplied commercially by GeneCore Inc (GeneCore, Shanghai). The triallelic variant was supplied by Applied Biosystems Inc (ABI, Foster City, CA). The primer and probe sequences of these SNPs are listed in Table 1 . Each probe was dually labeled with a reporter dye at the 5′ end and contained a minor groove-binding group (MGB) at the 3′ end. The polymerase chain reactions for tagSNPs (-757A>G, -717A>G, +2147C>T) were carried out in 5 μL final volume and were composed of 1×Universal Mastermix (ABI), two TaqMan probes at 0.2 μmol/L each, two primers at 1 μmol/L each and 1 ng/μL genomic DNA. Thermal cycling reactions were performed as follows: 50 °C for 2 min, 95 °C for 10 min, and then 50 cycles at 95 °C for 15 s and 60 °C for 1 min. Amplifications were carried out on the ABI 7900HT instrument. Allelic discrimination was measured automatically using Sequence Detection Systems 2.1 software (autocaller confidence level 95%). Primers, TaqMan probes and PCR conditions used for genotyping and analysis of triallelic SNP (rs3091244) have been described previously by Carlson et al [28] . A total of 10% of samples were re-genotyped for each SNP at random, and all results were consistent. In addition, all DNA samples for cases and controls were blindly run in the same batches.
Statistical analysis Statistical analyses were performed with the SPSS 13.0 software package (SPSS Inc, Chicago) for Windows (Microsoft Corp, Redmond, Wash) and haplo.stats version 1.2.1 for the R programming language. Summary statistics were expressed as means±standard error (SEM) or as percentages, and CRP levels were expressed as medians. The χ 2 test was used to assess the deviation from Hardy-Weinberg equilibrium for genotype frequencies and to examine genotype and allele frequencies between cases and controls. Frequencies of categorical variables were compared by χ 2 test or Fisher's exact test. Continuous variables were compared between cases of stroke and controls using Student's t-test.
CRP levels had a skewed distribution and nonparametric tests were used. The potential independent role of each SNP on stroke was investigated with multiple logistic regression analyses adjusted for age, sex, BMI, hypertension, hyperlipidemia, diabetes mellitus and smoking status. To avoid spurious allelic associations, a probability value <0.0125 (0.05/4) was considered statistically significant after Bonferroni correction was applied to conservatively identify the susceptibility variants on CRP. The association between CRP levels and CRP genotype was investigated with stepwise linear regression adjusted for the above-mentioned risk factors. CRP levels were natural log transformed in this model. The r 2 measurement was used to determine linkage disequilibrium (LD) with the software EMLD (http://request.mdacc.tmc. edu/qhuang/Software/pub.htm). The frequency distribution of haplotypes was calculated by the haplo.stats software. Haplotype-based hypothesis tests of generalized linear models were conducted using haplo.stats, in which ischemic or hemorrhagic stroke status was the dependent variable, and haplotypes and the other classic risk factors were independent and covariate variables [29] . The present study had 80% power to detect an association with OR <0.40 (assuming a protective effect) for alleles ≥15% frequency assuming a two-sided level at 0.05 using the QUANTO program in recessive model [30] . P<0.05 was considered statistically significant, and all statistical tests were two sided.
Results
Characteristics of patients and control subjects The baseline characteristics of all participants are summarized in Table 2 . The mean age was older in the control subjects than in either ischemic or hemorrhagic stroke patients. As expected, the frequencies of hypertension, serum CRP levels, systolic blood pressure and diastolic blood pressure were higher in stroke patients than in controls. The proportions of sex, smoking status, and total cholesterol level did not differ between stroke patients and controls. Body mass index and frequencies of diabetes mellitus and hyperlipidemia were higher in ischemic stroke patients than in controls; however, the frequency of hyperlipidemia was lower in hemorrhagic stroke patients. Body mass index and the frequency of diabetes mellitus did not differ between hemorrhagic stroke patients and controls. CRP genotypes in relation to ischemic stroke, hemorrhagic stroke and CRP level All genotype distributions were consistent with the Hardy-Weinberg equilibrium except -757A>G, which was removed from further analysis. Genotype frequencies are shown in Table 3 . No significant differences were observed in genotype distributions between hemorrhage patients and controls. However, the -717A>G genotype frequencies in the recessive model (AA+AG vs GG) differed significantly between ischemic stroke patients and controls (P=0.037). Furthermore, after adjustment for age, gender, BMI, and frequencies of hypertension, diabetes mellitus, hyperlipidemia and smoking, -717A>G was still associated with ischemic stroke (AA+AG vs GG, odds ratio 0.28; 95% CI 0.12-0.65; P=0.003, Table 4 ). Furthermore, this SNP was still significantly associated with ischemic stroke after a Bonferroni adjustment. Age (odds ratio 0.96; 95% CI 0.94-0.97; P<0.001), hypertension (odds ratio 11.46; 95% CI 8.36-15.71; P<0.001), and diabetes mellitus (odds ratio 3.77; 95% CI 2.11-6.73; P<0.001) were also estimated as independent predictors of ischemic stroke (Table 4) . Nevertheless, there was no association between any genotype and serum CRP levels after adjustment for risk factors (Table 5) .
Haplotype analysis Pairwise LD measures and correlation coefficients between CRP polymorphisms were analyzed. None of our tagSNPs were high in LD (r 2 ≤0.30). We used haplo.stats software to calculate haplotypes based on the observed genotypes. To minimize potential false positive associations conducted in haplotype analysis, haplotypes were not considered if all estimated frequencies are less than 5% in controls and cases. No significant association was detected for any haploytpe and ischemic stroke.
Next, we analyzed the independent effect of haplotype on ischemic stroke after adjustment for other risks. Haplotype H1 was the most frequent and was thus chosen as the baseline. As expected, haplotype H3 was associated with an increased risk of ischemic stroke (odds ratio 1.052, 95% CI 1.001-1.106: P=0.047; Table 6 ). Other risk factors that showed significant effects on ischemic stroke were also listed in Table 6 . These results were consistent with logistic regression analysis. Haplotype H5 was significantly less frequent in hemorrhagic stroke patients than in controls (2.7% versus 5.5%, P=0.024; Table 7 ). In contrast, haplotype H3 was higher in hemorrhagic stroke patients, with marginal significance (14.7% versus 18.6%, P=0.054; Table 7 ). However, after the adjustment of conventional risk factors, haplotypes H3 and H5 failed to show a significant difference between controls and hemorrhagic stroke patients (P=0.075 and P=0.064, respectively; data not shown).
Difference in allele frequencies and haplotype between ischemic stroke and hemorrhagic stroke The allele frequencies did not differ significantly between ischemic stroke or hemorrhagic stroke and controls. However, the frequency for -286T was significantly higher in ischemic than in hemorrhagic stroke patients, whereas -286A was higher in hemorrhagic stroke patients (P=0.027, Table 8 ). In addition, the frequency for haplotype H5 (A-T-C) was significantly higher in ischemic stroke than hemorrhagic stroke (6.9% vs 2.7%, P=0.0003, data not shown).
Discussion
To our knowledge, this is the first study assessing the contribution of the CRP gene to ischemic and hemorrhagic stroke in the Han Chinese population. We have shown here that the -717A>G polymorphism is not only associated with ischemic stroke, but also an independent predictor of ischemic stroke in this ethnic group. Crude P values were determined by a 95% two-sided χ 2 test. Adjusted P value was calculated by multiple logistic regression analysis with adjustment for age, sex, BMI, history of hypertension, hyperlipidemia, diabetes mellitus and smoking. -717A>G is located in the promoter region of the CRP gene. Our results suggested that -717A was a protective allele against ischemic stroke. Previous studies have indicated that the -717A allele is associated with increased risk for coronary heart disease and diabetes [27, 31] , although contradictory results have also been reported [32] . Because stroke and coronary heart disease are both considered atherosclerosisrelated diseases, they share a variety of common pathogenic mechanisms. This discrepancy could be due to a number of factors. First, -717A>G could be involved in the development of these two diseases by different mechanisms. The transition of -717A>G creates a potential binding site for glucocorticoid receptor (GR), which may result in changes in CRP expression. Consistent with this model, previous studies demonstrated that the -717G allele was associated with elevated CRP concentrations during the acute phase of stroke or transient ischemic attack [33] . Alternatively, population stratification caused by inappropriate sampling could be an influence. However, the allelic frequencies for the -717A>G polymorphism in ischemic stroke patients were actually quite similar to the previously published data [33] , suggesting that the possibility of a false association was low. Finally, false positive results due to genotyping errors are also very unlikely. In our study, we used the TaqMan SNP Genotyping System, which has much higher specificity and accuracy than previously used approaches. We randomly re-genotyped about 10% of the samples and failed to identify any discrepancies in our results.
Haplotype analysis also identified a significant association between haploytpe H3 and ischemic stroke. Compared with haplotype H1, haplotype H3 was an independent risk predictor of ischemic stroke. These two haplotypes differed only by the -717G and +2147C alleles. Previous studies have indicated that -717G and +2147C alleles are associated with high CRP levels [33, 34] . Therefore, this may explain why the H3 haplotype is associated with increased risk of ischemic stroke. In addition, the haplotype containing the -717G allele showed this effect on ischemic stroke, consistent with our logistic regression analysis. In hemorrhagic stroke patients, the frequency of haplotype H5 was lower than that of controls. However, H5 was not an independent protective factor against hemorrhagic stroke, and previous studies indicated that the -286T and +2147C alleles were also associated with high CRP levels [25, 28, 34, 35] . One possible explanation for this finding is that the SNPs of -286C>T>A and +2147C>T are markers of other confounding factors associated with low risk of hemorrhagic stroke.
Another interesting finding in our study is the significant difference in the triallelic SNP (-286C>T>A) frequency between ischemic and hemorrhagic stroke patients. This difference was mainly displayed in the distribution of minor alleles such as -286A or -286T. The ischemic group contained more -286T and less -286A, but the hemorrhage group was the opposite, with more -286A and less -286T. Recent functional analysis studies implicate the triallelic -286C>T>A promoter SNP as a functional variant, as the upstream stimulatory factor-1 can bind to it when the -286T is present [28, 36] . Consistent with this, previous studies demonstrated that the -286T and -286A alleles were associated with higher plasma CRP levels [25, 34] . To our knowledge, this is the first report showing genetic determinants for the distinction between ischemic and hemorrhagic stroke risk. However, because of the functional complexity in -286C>T>A SNP, the significance of differences in this allele frequency for the ischemic stroke and hemorrhagic stroke remains to be elucidated.
Our analysis failed to show an association between any SNP and serum CRP level in our study population, which is inconsistent with previous reports and our observations between genotyping and strokes. This may be due to a number of factors. On one hand, serum CRP levels can be affected by many conditions including infection, inflammatory events, smoking, diet and medications such as statins. These factors may disguise the association between serum CRP level and genotype. On the other hand, a previous report showed the association between -717A>G polymorphism and CRP levels only during acute stroke [33] , and some of our subjects blood samples were taken during the nonacute phase of the stroke.
In conclusion, potential associations between CRP gene polymorphisms and stroke risk were investigated in a Han Chinese population. We found that the -717A allele was significantly associated with lower risk for ischemic stroke and haplotype H3 (G-C-C) was an independent risk of ischemic stroke. No significant differences were observed in genotype distributions between hemorrhagic patients and controls. However, haplotype H5 (A-T-C) can be used as prognostic markers of hemorrhagic stroke.
